The dye-binding method, which is one of the protein determination methods, is based on a protein error of a pH indicator occurring in the presence of a protein. [1] [2] [3] [4] [5] Its color development depends on the pH and the dye, as well as the buffer solution concentrations in the color reagent. 6 The effect of these factors on color development can be theoretically analyzed based on the assumption that a protein error is a reaction between a positively charged protein molecule and a dissociated dye anion. [7] [8] [9] [10] [11] The change in the color development due to the concentration of the buffer solution is caused by a reaction in which the anion composing the buffer solution binds to the protein in competition with the dissociated dye anion. In serum and urine analyzed clinically, protein and various anions are known to coexist. From this, in determining the protein by the dye-binding method the coexisting anions may affect the color development of protein. Thus, the author theoretically analyzed the chemical characteristics of the dye binding method based on the assumption that the coexisting anions also bind reversibly to the protein like the dissociated dye anion. These calculated results were then compared with the experimental results using the three sulfonphthalein pH indicators widely employed in clinical examinations and the inorganic salts chiefly including the anions of the halogen group.
Analysis Concerning the Dye-binding Method
In this study, an analysis of the protein error was performed in the same manner as in previous studies, [7] [8] [9] [10] [11] [12] adding one more assumption that the anions derived from the inorganic salts, which are completely dissociated, also react with protein, forming an anion-protein complex, which is a colorless substance. The following chemical equilibria are assumed to exist in the test solution:
where HD is the dye, D -is the dissociated dye anion, P + is the positively charged protein, and PD is the dye-protein complex. HM and M -are the conjugated acid and base composing the buffer solution, respectively, and PM is the anion-protein complex. The conjugated base, M -, is the anion that reacts with the protein. Y -is the anion derived from the inorganic salt, which is assumed to dissociate completely, and does not hydrolyze. PY is the anion-protein complex. KD and KHM are the dissociation constants of the dye and the conjugated acid, respectively, and KPM and KPD are the equilibrium constants for the reactions forming the anion-protein complex and the dye-protein complex, respectively.
KPY is the equilibrium constant of the anion-protein complex derived from the inorganic salt.
When the total dye concentration, the positively charged protein concentration, and the total buffer anion concentration that corresponds to the sum of the conjugated acid and the base concentrations in the buffer solution before the reaction are represented by CD, CP and CM, respectively, the following equations can be derived:
Here, in the dye-binding method the amount of buffer solution is added in sufficient excess to the amount of protein in order to maintain the pH constant during the reaction. 
From Eqs. (4) and (10), we obtain the concentration of the anionprotein complex,
From Eqs. (5), (7) and (9), the concentration of the unreacted positively charged protein can be obtained,
.
Taking the product of Eqs.
(1) and (2),
From Eqs. (2), (6) and (13),
Arranging this equation,
Combining Eqs. (12) and (14), we obtain a quadratic equation 
where Ka and Kb indicate the mean dissociation constants of the acidic and basic residues, respectively, and KW is the ionic product for water. The absorbance of the test solution measured by a spectrophotometer was calculated as
where EZ (apparent absorbance) is the absorbance of the test solution against the reagent blank, EP is the absorbance of the test solution containing the dye-protein complex and the unreacted dye anion (DP -), EB is the absorbance of the dye anion (DB -) in the reagent blank, EPD is the absorbance of the formed dye-protein complex itself, ED is the absorbance of the unreacted dye anion (DP -) in the test solution, and εPD and εD are the molar absorptivities of the dye-protein complex and the dissociated dye anion, respectively. EP, EB, EPD and ED are measured against water. From Eqs. (1) and (2) 
Substituting these two equations for Eq. (16), we obtain a equation for concretely calculating the apparent absorbance,
where n is the ratio of the molar absorptivities of the dyeprotein complex and the dissociated dye anion (= εPD/εD). EZ at an arbitrary pH can be obtained by calculating the concentration of PD by Eq. (15), and then substituting this value . The mean dissociation constants of the side chains of the amino acid residue in the protein molecule were Ka = 10 -8 , and Kb = 10 -2 , respectively. The total dye concentration was 8 × 10 -5 mol l Although the n values semiempirically obtained were 0.93 for BPB, 0.59 for BCG and 0.49 for BCP, 6 the calculation was carried out using n = 0.9 when a general characteristic was examined. The molar absorptivity (εD) of the dissociated dye anion was 4.75 × 10 4 l mol -1 cm -1 .
Results

Calculated results
As can be seen from Eqs. (15) and (17), the apparent absorbance depends on the concentration of the coexisting anion and the equilibrium constant of the reaction between the anion and the protein. Thus, the relationship between the apparent absorbance and these variables was examined. Figure 1 shows the relationship between the apparent absorbance and the pH when the anion concentration varies. The apparent absorbance decreases as the anion concentration increases; thus, a decrease occurs irrespective of a kind of dye. The pH at which the apparent absorbance reaches a maximum shifts slightly to a higher pH with increasing the anion concentration. Figure 2 indicates the relationship between the apparent absorbance and the pH when the equilibrium constant in the reaction of the anion with the protein varies. The apparent absorbance decreases as the equilibrium constant increases; that is, the larger the bonding strength between the coexisting anion and the protein becomes, the more the apparent absorbance decreases. The pH at which the apparent absorbance reaches a 271 ANALYTICAL SCIENCES FEBRUARY 2006, VOL. 22 maximum gradually shifts to a higher pH with increasing the equilibrium constant of the reaction between the protein and the anion. Figure 3 indicates the relationship between the apparent absorbance and the anion concentration at constant pH when the equilibrium constant varies. The relative absorbance is expressed as 100 when no salt is added. The absorbance decrease becomes large as the equilibrium constant increases, and the rate of the absorbance decrease is larger at lower concentrations of the anion than at higher ones. Thus, the phenomenon occurs similarly at different pH values.
Experimental results
The color development of BPB, BCG and BCP was examined upon adding various inorganic salts to a protein solution. Although the inorganic ions existing in body fluids are chiefly Na + , K + , and Cl -, in this experiment, in order to examine the action of the inorganic ion taking part in the reaction, in addition to these ions Li + , Rb + and Cs + as cation, and F -, Br -and I -as anion, which exist slightly or little in body fluids, 13 were also investigated. Figure 4 indicates the change in the apparent absorbance when NaCl was added at different concentrations. The apparent absorbance decreased as its concentration increased. However, the pH value where the apparent absorbance reached a maximum changed little. Figure 5 indicates the change in the apparent absorbance when the different inorganic salts (KCl, KBr and KI) were added at the same concentration. In this case, the magnitude of the absorbance decrease was different according to the kind of inorganic salt added, but the pH value where the apparent absorbance reached a maximum changed little. Then, the magnitudes of effects of the inorganic salts on the color development were compared using various inorganic salts; which ion was involved in the reaction was also examined. There was no difference in the effects of the inorganic salts on the color development, as shown in Figs. 6, 7 and 8, when the anion was the same, even if the cations were different. On the contrary, there was a significant difference only when the anions were different, even if the cation was the same. From these results, the inorganic ion which takes part in the reaction and decreases the color development is concluded to be the anion. Figure 9 indicates the relationship between the apparent absorbance and the anion concentration when different inorganic salts were added. The apparent absorbance decreased with increasing the salt concentration, and the magnitude of its decrease was larger at lower concentrations than at higher ones. In the case of the halogen group, the apparent absorbance decreased more upon the addition of iodide than chloride, and became smaller as the ionic radius of the anion increased, as shown in Fig. 10 , indicating that the larger the ionic radius of the anion becomes, the more the amount of the dissociated dye anion bound to the protein decreases. Table 1 indicates a comparison of the absorbance decrease between three kinds of dyes when inorganic salts whose anion was identical were added. The apparent absorbance was expressed as 100 when no inorganic salts were added. The rates of the absorbance decreases were different according to the kind of the dye, even when the same anion was present at the same concentration. The order was BPB > BCG > BCP.
Discussion
Most of the determination methods of the body constituents clinically measured are carried out in the presence of coexisting 272 ANALYTICAL SCIENCES FEBRUARY 2006, VOL. 22 substances. Therefore, in designing a measurement method it is required to examine the effect of any coexisting substances on the measurement. The electrolyte is one of the representative body constituents, and was found to affect the protein error based on the reaction between the dissociated dye anion and the positively charged protein. In this reaction, the effect of inorganic salts whose anion was identical was the same, even if their cations were different. On the contrary, in the case that the anions were different, even if the cation was identical, the degree of the absorbance decrease was not equal. This result indicates that the anion takes part in the reaction, that is, the anion binds to protein, decreasing the binding of the dye to protein. In this reaction it is thought that the binding of the anions to protein reduces the color development of the protein.
When such two reactions between a dye and a protein, and between an anion and a protein compete, the apparent absorbance is expected to indicate the following characteristics by the calculation: (1) In the presence of an inorganic salt, the apparent absorbance decreases and the degree of its decrease becomes large as the concentration of the inorganic salt increases. (2) Since it is the anion that takes part in the reaction, the effect of the inorganic salts on the color development is equal when the anion is identical, irrespective of the kind of inorganic salt. (3) The rate of the absorbance decrease is large for a lower concentration of the anion, and small in a higher one. (4) The pH value where the color development reaches a maximum almost does not change with the anion concentration. ; pH 2.8. increases.
As indicated in experiments, these calculated results (1) - (4) were confirmed directly by the experiments using three kinds of dyes. On the other hand, the calculated result of (5) was demonstrated by the following phenomenon. In the reaction of the anions of the halogen group, the absorbance decrease increased as their ionic radius of the anion increased. Since the larger the ionic radius becomes, the smaller the surface density of electric charge of the anion becomes, the coordinated water bound to the large anion is easier to come off than that bound to the small one, and the large anion is thought to be easier to form an anion-protein complex. Namely, the relationship between the absorbance decrease and the ionic radius indicates that the large anion binds to the protein more tightly than the small one; that is, the equlibrium constant of the large anion is larger than that of the small one. By the way, the rate of the absorbance decrease by the anion was different according to the kind of the dye, which was judged to be caused due to the difference in the equilibrium constant of the reaction between the dye and the protein. Since the order in the rate of the absorbance decrease was BPB > BCG > BCP when the same inorganic salt was added, the binding strength of the dye to the protein was judged to be BPB < BCG < BCP. Thus, the calculated results coincided with the experimental ones, indicating that the reaction between the dye and the protein in the presence of the inorganic salts proceeds in the manner mentioned in the assumption.
It is thought that the influence by such a salt becomes a greater problem for urine than serum. As a reason, the concentration of salt is high for urine, and, besides, the band is wide. In other words, the concentration of urinary chloride changes into about 4 times from 40 to 180 mmol l -1 . 14 Therefore, even if protein concentration of a sample is the same, that the measured value with the dye-binding method is remarkably different is supposed from Figs. 3 and 9 according to the pitch of the concentration of chloride. From these results, it is important to devise the concentration of the salt of each sample to approximate as much as possible so as to execute an accurate measurement.
In this paper, the author has described the effect of an inorganic salt on color development in the dye-binding method. However, the phenomenon concerning the change in the color shade of the protein error of a pH indicator that occurs due to the addition of inorganic salts will be applied to assess the binding of anions to protein. The relative color development indicates the mean value of the relative color developments when the five or four kinds of the inorganic salts indicated below were added. Relative color development = y/x × 100. x: the apparent absorbance when no inorganic salts were added. y: the apparent absorbance when the inorganic salts were added. Chloride: LiCl, NaCl, KCl, RbCl, CsCl. Bromide: LiBr, NaBr, KBr, RbBr, CsBr. Iodide: LiI, NaI, KI, CsI.
